Ab-deraz Formation is one of the Lithostratigraphic units of upper cretaceous (Middle TouronianSantonian) in Kopet-Dagh sedimentary basin, located in northeastern Iran. The aims of this study are separating sequence units and determining sea level Fluctuation by using palynological factors and comparison via magnetic susceptibility which is used for the first time in Ab-deraz Formation. Assuming the average MS magnitude as the proxy for mean sea level changes, positive Magnetic Susceptibility (MS) values were considered to present sea level falls and negative values for sea level rises. Based on these data a curve showing water level fluctuations throughout the stratigraphic column was prepared which shows a general trend of regression from base to the top of the formation. To test accuracy of this method, magnetic susceptibility results were compared with those gained from palynology and palynofacies studies. Based on the changes in palynological factors (the terrestrial/marine particles ratio, C/PPC ratio, diversity and abundance of dinoflagellate), palynofacies, for separate sequences, three sequences of the third type with four sequence boundaries, (3 boundaries of the type II and one boundary of the type I) were differentiated, confirming the results gained from magnetic susceptibility method.
Introduction
The Kopeh-Dagh sedimentary basin formed the middle Triassic orogeny in northeastern Iran [1] . There is no evidence of major tectonic activity in this region; all formations are conformable, except for a few disconformities within the cretaceous succession [2] . These disconformities can be related to epirogenic movement in the basin [3] . Sequence stratigraphy considers stratigraphic analysis and sea level fluctuations during depositional periods. This method considerably analyses the sequence migration and connection with time and sea level fluctuations [4] . Many factors have been used for sea level analysis. A relatively new method is using palynological elements and factors such as biological degradation of palynological particles, roundness and homogeneity of equidimensional phytoclasts [5] , the relative abundance of opaque and semi opaque to transparent phytoclasts, the marine palynomorph/terrestrial particles ratio, relative abundance and diversity of dinoflagellate cysts and Chorate/Proximate, Proximochorate, Cavate (C/PPC) morphotype ratio [5] . These factors were used for sequence differentiation in this paper. Also organic substances are viewed as sedimentary components which reflect original condition in the source area and the depositional environments. The structure and quantity of these organic ingredients or kerogen deposited in marine palaeoenvironments were straightly connected to sea-level as shown by many researchers (e.g. [5] - [14] ) who placed them in a sequence stratigraphic context. Magnetic susceptibility test provides information which makes independent evaluation and sequence stratigraphy modifications possible [15] and provides help for differentiation of exact boundaries in areas where no lithological differentiations recorded [15] . This paper aims to evaluate magnetic susceptibility role in sedimentary sequence analysis and for identification of sequence boundaries and system tracts. In order to test accuracy of this method magnetic susceptibility results have been used in conjunction and compared with palynology and palynofacies analysis.
Geology Setting

Geographical Location
The Kopeh-Dagh sedimentary basin stretches hundreds of kilometers from north to northwestern Iran and into Kazakhestan and Afghanestan. The Ab-Deraz Formation is one of the main upper cretaceous successions located in Kopeh-Dagh sedimentary bsin in northeastern Iran. The name of the Abdraz Formation originated from the Ab-Deraz village 75 km east of Mashhad and located in Muzdoran [1] . The west Sanganeh section (E: 60˚15'50'', N: 36˚41'15'') is located on the Mashhad-Kalat road, approximately 70 km from Kalat, and 2 km from Sanganeh village (Figure 1 ).
Geology and Lithostratigraphy
The lower contact of the Ab-Deraz Formation in Sanganehb section with the Aitamir Formation is paraconform, and the upper contact with the Ab-Talkh Formation is confirming. This section of the Ab-Deraz Formation is 530 meter thick. In these section lithology is composed of light gray shale, blueish shale, olive green shale and three chalky limestone bands (Figure 2 ).
Material and Method
The material used, includes 41 outcrop samples collected from shale and marly shale layer throughout the AbDeraz Formation (Sanganeh section). Laboratory maceration procedures of Travers (2007) were used to prepare sample. These procedures include chemical treatment of 15 -20 gr of each sample with cold HCL (20%) and HF (37%) acids were used to dissolve carbonate and silicates. No oxidants or Alkalis were used, because such treatments can be affect the natural colors of palynomorphs and phytoclast. The residue was neutralized centrifuged in Zncl 2 (specific gravity 1.9), then sieved 10 um using a nylon mesh, and mounted on microscope slides using liquid Canada balsam. Palynofacies analyses were also performed on these microscope slides. A total of 300 organic particles per sample were counted, classified, and proportionally calculated. Another portion of the same samples were analyzed by magnetic susceptibility meter MZ2 at Geophysics Institute of the University of Tehran. After preparation (powder providing in special case) MZ2 instrument have been adjusted in CGS system with low frequency and 0.1 oscillation.
The data in this paper obtained from magnetic susceptibility were compared with palynological data so that sequence unites could be separated and recognized. The comparison confirms that this method is quite appropriate for determining regressions and transgressions. 
Discussion
Palynological factors affect the determination of sequence units. The reconstruction and interpretation of the sequence stratigraphy by facies unit palynology, three major groups of elements contained in the slides used Palynology, which includes frequency are palynomorphs (MP), amorphous organic matter (AOM) and the phytoclast (Ph) [12] .
Frequency of Amorphus Organic Matter
Amorphous organic matter also use to determine the ecological interpretation and study of water sea level 
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changes and the receding sequence units as the most important elements known to be. The relative abundance of AOM increases in a proximal to distal direction, and AOM is the dominant kerogen constituent in distal dysoxic to anoxic shelf environments [13] . The abundance of AOM increases during transgression and early highstand [16] . Such as Pallini et al. (1998) found that AOM is the main component at maximum flooding (Figure 3) . The percentage of AOM in the Sanganeh section is shown in Figure 4 
Frequency of Phytoclast
High percentage of phytoclast is mostly related to proximal depositional condition. Generally, large amount of phytoclast particles are deposited by rivers in estuaries and delta, both close to shorelines. However, re-depositional also accurse in deep waters by turbidity currents [16] . Phytoclast are generally divided into two categories: black and brown. Generally Black phytoclast therefore have an increased relative abundance in distal facies [5] - [20] . The relative abundance of brown phytoclast decreases in an offshore direction [17] [18] (Figure 3) . The percentage of Ph in the Sanganeh section is show in Figure 4 & Table 1 .
Frequency of Marine Palynomorph
Identification and designation of marine palynomorphs, in particular dinoflagellates, in determining the sequence stratigraphy units and the have Paleoenvironment an important role. Increases the ratio of chorate to proximate, cavate and proximocavate form is show that the rise of water see level (Progressive conditions), and the increases the cavate form is show that to the fall of water see level (regressive conditions) [21] [37] . The percentage of MP in the Sanganeh section is show in Figure 4 & Table 1 .
Palynological Basis for Determination of Sequence Stratigraphy Units
Conseptual models for palynofacies in sequence stratigraphy used to identify the system tracts on the basis of kerogen distribution were taken from Steffen and Gorine (1993), Tyson (1995) 
Lowstand System Tract in Palynofacies
The lowst and System tract (LST) is the lowest system tract in a sedimentary sequence. LST are clarified by Progradational parasequnce set. In general, number of Phytoclasts increase in the LST in a way that there is high abundance of Phytoclasts in this part. The group of low stand facies is normally accompanied by facies near the source. Sediments of the dry land enters this place and thus, the abundance of marine Dinoflagellates decrease in this System Tract [4] , morphotypes ratio of C/PPC face a reduction in these facies as well [21] (Figure 3 ).
Transgressive System Tract in Palynofacies
The Transgressive System Tract(TST) are clarified by Retrogradational parasequnce sets which move upward. At the time of Transgressive surface and water level rising rapidly, the abundance of Phytoclasts decrease, Dinoflagellates cyst abundance and diversity show a moderate growth. Amorphous organic matters and morphotypes ratio of C/PPC increase accordingly. On one hand, in upper parts of theTransgressiveSystemTract which is clarified by Maximum Flooding Surface, the amount of AOM, Dinoflagellates cysts and TOC reach their highest abundance. On the other hand, Phytoclasts reach their lowest abundance, however, Opaque maceral increases in abundance in the highest water level (MFS) and this trend prolongs to EHST tracts indicating the deepest marine facies (Figure 3) .
Highstand System Tract in Palynofacies
The HST are the highest parts in a sequences which are primarily identified by Aggradational parasequnce sets and move upward and are shown by Progradational parasequnce set. At the time of the Highstand System Tract, first, the abundance and diversity of marine palynomorphs is high(EHST), then they show a descending trend (LHST), as a result, in the lowest part of the Highstand System tract, the lowest number of Phytoclasts is observed and a reduction occurs in the amount of AOM [4] (Figure 3 ).
Magnetic Susceptibility
Mineral particles are susceptible to becoming magnetized in the presence of a magnetic field, and MS is an index for the magnitude of this short-term magnetism within a sample [22] . Low-field MS, as is reported in many studies, is defined as the proportion of the induced moment (Mi or Ji) to the power of an applied, very low-intensity magnetic field (Hj), where Ji = XijHj (density-specific) or Mi = KijHj (volume specific). In these phrases, MS in SI units is parameterized as k, show that the calculation is comparative to a 1 m 3 volume and is dimensionless; MS parameterized as X shows calculation comparative to a lump of 1kg and is given in units of m 3 /kg. However, as a general rule (with a few exceptions), during transgressive cycles, especially in distal marine sequences, MS is observed to decrease. This happens because detrital sediments are usually trapped near-shore during transgressions. During regressions, when erosion flushes detrital sediment into ocean basins and MS increases in basinal sediments [23] . MS is a quantitative measure of the amount of iron-bearing minerals in a sample [24] and as such is a rough proxy for the lithogenic or detrital fraction of marine sediment. It is important to note that MS data are very different from the magnetic polarities that record the magnetic properties of Earth's magnetic field in rocks, however, like magnetic polarities that depend on the preservation of iron in rocks, MS also depends on the preservation of iron-bearing minerals. Unlike magnetic polarities that can be easily remagnetized by heating, MS is largely unaffected by low to moderate thermal processes [25] . The MS has also been proven useful as a paleoclimatic indicator [26] [27] and thus for correlation purposes as a paleoclimate proxy [28] . One of the main applications of this method is in regional and global correlation [25] - [29] - [31] . The higher iron content represented by high MS magnitudes resulted from increased rates of weathering and delivery of paramagnetic minerals associated with a net fall in sea level [29] - [32] . The MS is known as a viable tool for correlating geological sequences [31] - [33] .
Result
Palynofacies
Palynofacies contain all contents of Organic matter of sediments or sedimentary rocks [6] . Mixture and amount of these organic matters in the sedimentary environment is directly relevant to environmental changes. Thus, Palynofacies can be properly used to describe and reconstruct unexplainable or vague sequences [4] . In general, in order to determine palynological facies, three main factors are counted and assessed, namely, Marine paly-nomorph (MP), Amorphous organic matter (AOM), and Phytoclasts (Ph) [12] . Having Provided 82 palynological slides and counted 400 particles in each slide, main members (parts) were calculated and categorized. After plotting the data on the Tyson diagram, three Palynofacies, namely: II: Marginal disoxic-anoxic basin, IV: Shelf to basin transition, V: Mud dominated oxic shelf were identified which depicted marine environments near and off-shore with open marine environment having disoxic to suboxic conditions ( Figure 5) . Based on Figure 4 , sample distribution in this section was more toward distal facies (Palynofacies type V). For instance, locating of samples 9, 21, and 29 around Palynofacies type V indicates that these shales are concentrated in anoffshore, and have disoxic to suboxic conditions. Thise parts appear containing a dark shale layer which differs from other parts in a lithological sense. Interpreting identified Palynofacies in this section, it can be stated that the highest abundance of Phytoclasts occurs in the upper and the end part of the section, namely, between Cenomanian to Turonian boundary and Santonian to Campanian boundary where the water level the most noticeable reduction (Aitamir to Ab-deraz Formation boundary in the lower part of the section and Ab-deraz Formation boundary to Ab-talkh Formation in the upper part of the Sanganeh Section this reduction in water level). Moreover, for instance, in samples 4, 15, and 27, the abundance of Dinoflagellates increases abruptly indicating that the water level has risen rapidly. Taking the abundance changes of Phytoclasts and marine palynomorphs into consideration, it can be stated that the water see level changes generally decreases while moving toward the end part of Ab-deraz Formation in this section.
Sequence Stratigraphy
Palynological factors such as the terrestrial/marine particles ratio, the chorate/proximate, proximochorate, cavate cyst ratio (C/PPC), differences in dinoflagellate assemblages [34] and rarity and abundance of dinoflagellate cyst groups were statistically calculated and used for sequence stratigraphic analysis. Based on This is information for separation and identification of the sequences units of the Ab-Deraz Formation in the West Sanganeh section and based on palynological evidence, lithology and field evidence three sequences of the third type with four sequence boundaries (3 boundaries of the type II and one boundary of the type I) were recognized for the Formation (Table 1 & Figure 4 ).
First Sequence
This is limited to two sequence boundaries. The lower boundary is marked by a sharp change in lithology from sandstone to shale and chalky limestone. Based on field and palynological evidence, its lower boundary has Figure 5 . Studied samples plotted on ternary diagram based on their palynological contents [20] . discon formed with Aitamir Formation. The upper boundary is drawn at about 120 meters above the section and is marked by a sharp increase in phytoclasts, especially the brown phytoclasts, and a sharp decrease in marine palynomorph's abundance and diversity, a sharp decline in C/PPC and a sharp decline in ratio of ON/IN cyst. Three system tracts, LST, TST, and HST could also be differentiated within this sequence and its sediment environment changes from Marginal basin toward Distal shelf (Figure 4) .
Lowstand System Tract: Deposited in a marginal basin. This tarct shows high level of brown phytoclast and low level of AOM. The highest amount of phytoclasts are recorded in the lowest parts of the LST. The relative abundance of marine palynomorphs (especially dinocysts) decreases in lowstand deposits. Such as in this limited C/PPC ratio being low and also, Dinocysts of specific forms of Outer neritic (ON) to inner neritic (IN) ratio is low which shows the water level being low. According to field evidence, existence of a chalky limestone in this part shows that water level is moderately low.
Transgressive System Tract: The abundance of phytoclasts decrease, and the palynomorph diversity and C/PPC ratio increase while ratio of terrestrial to marine elements decreases, such as in this limited relative amount of opaque maceral with rounded edge increase showing turbulent environment.
Maximum Flooding Surface: in this system tract which is identified at 80 m thick and by sample 9, the highest abundance and diversity of Dinoflagellates marks the maximum flooding surface. Also a relative increase in abundance of AOM to phytoclasts and high amount of marine as compared to terrestrial elements occurs at the MFS. Based on field evidence, existence of a shale layer darker than other shales in this part of the stratigraphical row is an indicator of sedimentation in deep parts with low amount of energy.
Highstand system tract: in this limited, a process occurs opposite to system tract LST. The marine palynomorph and AOM ratio shows a reducing trend upwards. The abundance of phytoclasts, particularly the brown ones, increases and reaches its highest point in sequence boundary (from sample 9 to 14 and at 85 m to 120 m thick of the stratigraphical section under study). This system tract is deposited in a distal shelf.
Second Sequence
The lower boundary of this sequence is conformed with the upper boundary of the lower sequence. the upper boundary of this sequence is placed at some 275 meter above the base of the section. This boundary is identified by high abundance of phytoclasts and abrupt decraese in diversity and abundance of Dinoflagellates. Such as occure diversity and suuden decrease in the C/PPC ratio. Depositional environment changes from distal shelf to proximal shelf (Marginal basine) within the sequence. This sequence contains two system tracts of TST and HST as follows (Figure 4) .
Transgressive System Tract: Deposited in a distal shelf, this system tract starts from sample 15 at 128 meter and lingers on to sample 21 at 200 meter. This tract shows decreasing the abundance of phytoclasts but diversity and abundance of Dinoflagellates increase. The C/PPC ratio increase too. Generally, in this level, marine particles increase when moving upward and opaque macerals with rounded edges will increase and that indicates off-shore environment. Also, the number of Dinoflagellates in outer neritic increase thus, reducing specific cysts of inner neritic decrease.
Maximum Flooding Surface: in this tract, the least number of phytoclasts and the most abundance and diversity of Dinoflagellates and AOM are observed (sample 22 at 220 m thick). This probably forms the deepest marine facies within this sequence. In addition, based on field evidence, this level is clarified by a shale layer and gray marl which is darker than the other parts and can be a sign of sedimentation in the deeper parts of the sea and there by a confirmation for palynological evidence.
Highstand System Tract: Depositional environment turns from distal shelf toproximal shelf (Figure 4) . Diversity and abundance of palynomorphs and AOM have trend, while, the abundance of phytoclasts increase up to the point that in the highest level, the highest number of phytoclasts and in the lowest level, the lowest number of them is observed. These changes in the abundance and diversity of Dinoflagellates conform noticeably to stratigraphical evidence in stratigraphical rows and thus, show the impact of lithology on the abundance of Dinoflagellates. This means in shale samples, namely, sample 20 and 21, Dinoflagellates are highly abundant while they have the lowest abundance in marly and chalky samples (samples 23, 24, 25, and 26).
Third Sequence
The lower boundary of this sequence conforms with the upper boundary of the second sequence and the upper boundary at 530m thick conforms to the third bands of chalky limestone, that is, sample 41. Similar to the second sequence, this one too, is made up of two system tracts: TST and HST. It is worth mentioning that, based on the depth of the desired facies composition, (LST cannot be identified merely based on palynologicalevidence and thus, two system tracts, namely, LST and TST, are taken into consideration altogether) They are identifiable by the existent evidence in palynological slides (Figure 4) .
Transgressive System Tract: Depositional environment in this tractis distal shelf. The water level has raised, the abundance of Dinoflagellates toward MFS increase. The relative amount of C/PPC and lability factor all decrease while, the marine palynomorph (Dinoflagellate) diversity and the ON/IN ratio increased. As well Opaque Macerals with the rounded edge in this tract showing turbulent and off-shore environment. (At 295 m thick to 320 m thick and in samples 27 and 28).
Maximum Flooding Surface: The maximum flooding surface is placed at the point of highest diversity and abundance of marine palynomorphs, especially Dinoflagellates. The AOM abundance has also increased from system tract TST toward this level eventually reaching its highest number. At this thickness, the highest number of outer neritic Dinoflagellates was observed and registered in comparison to inner neritic. This part is identifiable by a dark shale layer which shows sedimentation occurring in anoxic and low-energy condition.
Highstand System Tract: Depositional environment is distal shelf and changes into proximal shelf in upper parts. Based on field evidence and existence of thick calcareous layer of chalky limestone at the end part of Abderaz formation, this sequence boundary can be identified easily. Firstly, the abundance and diversity of marine palynomorphs increased. The following many factors for example C/PPC ratio marine elements diversity and ON/IN ratio shows a decreasing trend. This boundary that is, the last identified boundary conforming to the third calcareous layer of chalky limestone of the section under study, indicates relative sea level changes at 530 m thick. Yet it is worth mentioning that Ab-deraz formation boundary is conformed to Ab-Talkh formation in this section, and the latter, that is, Abtalkh formation, has not been discussed in this study, therefore, the fourth sequence boundary is determined by sample 41 under the third calcareous layer of chalky limestone.
Magnetic Susceptibility
In Figure 4 water-level fluctuations curve is drawn on the basis of magnetic susceptibility values recorded in the sediments. Assuming that the average MS magnitude for the region is a proxy for mean sea level, average MS is subtracted from each datum, positive MS values represent sea level fall and negative values represent sea level rise. By doing this, positive MS values (to the right of zero) represent magnitudes greater than the average and negative values (to the left of zero) represent magnitudes less than the average. It has been argued that the effects of sea level rise and fall, caused by either climate or tectonics or both, had the greatest effect on the supply of iron (Fe) to the depositional environments [32] [33] .
It, therefore, seems reasonable to view positive values together with the associated higher concentrations of iron as a result of regression or a net fall in sea level. Negative values and associated lower concentration of iron would have been resulted from transgression or a net rise in sea level. Therefore, MS trend in Figure 4 demonstrates water-level fluctuations, in general. In this figure generally three phases of increase and decrease (shows by Dash line) in MS values occurs along the succession The general sequence boundaries are indicated. When compared with other graphs gained from measuring changes in palynological parameters it becomes evident that a reduction in the MS values is precisely correlatable with, in diversity and abundance of dinoflagellates, and in amorphous organic matter ratio. Also the ratio of morphotypes C/PPC increases. These are evidences for a rise in sea level. In contrast, increase in MS, is in accord with abundance of phytoclasts, decrease in diversity and frequency of marine palynomorphs, especially dinocysts, decrease in dinoflagellate morphotypes (C/PPC) ratio confirming a fall in water-level. Thus, the results of palynological studies confirm those of magnetic susceptibility (Figure 4) .
Conclusion
The Ab-Deraz Formation studied for water sea level fluctuations, sequence stratigraphy and comparison to evaluate resolution of magnetic susceptibility. To test accuracy of this method, we used palynology and palynofacies process and change in organic matter contents and correlated for example: the terrestrial/marine particle ratios, the C/PPC ratio, diversity and abundances in dinoflagellate cysts, based on three main changes of organic materials (Phytoclasts, palynomorphs and amorphous organic materials) and integration of these data with iden-tified palynofacies, three sequences of the third type with four sequence boundaries (3 boundaries of type II and one boundary of the type I) were identified and determined. Magnetic susceptibility measured through the stratigraphic column shows in general a trend of falling water level which is in accord with increases in terrestrial elements and in increase with factors confirming a regression trend upwards. The data obtained from magnetic susceptibility were compared with palynological data so that sequence unites could be separated and recognized. The comparison confirms that this method is quite appropriate for determining regressions and transgressions.
